This paper presents an innovative methodology for the assessment of a new Biomedical Engineering (BME) program. Biomedical engineering programs are quite new in the engineering educational system. To date, in the state of Pennsylvania there are only six programs that have been accredited by ABET out of the 91 programs accredited nationwide 1 . While the guidelines of ABET are quite general and applicable to a variety of programs with different focuses, the scarcity of published data on BME specific programs poses a significant challenge on the preparation and assessment of program specific requirements. Another rather significant challenge is the limited number of students graduating from a brand new program that does not give sufficient statistical power to confirm the reliability of the assessment process.
ABET are quite general and applicable to a variety of programs with different focuses, the scarcity of published data on BME specific programs poses a significant challenge on the preparation and assessment of program specific requirements. Another rather significant challenge is the limited number of students graduating from a brand new program that does not give sufficient statistical power to confirm the reliability of the assessment process.
To obviate these limitations, an analysis for the assessment process has been designed that can help understand if any improvement occurs from the freshman and sophomore year (formative assessment), where concepts are introduced, to junior and senior years (summative assessment), where the concepts are reinforced/mastered and assessed again. By having a formative and summative assessment it is possible to evaluate if improvement occurs within the cohort, allowing for the redaction of a continuous improvement plan.
The goal of the program has been set to have all students at a satisfactory level at the time of graduation. Having a rubric calibrated at "senior level" (i.e. master level), we found that most of the outcomes at the formative level reach a marginal outcome. This was expected as the idea is to observe if there exist learning trends between formative and summative levels where concepts are introduced, internalized and reinforced. This article presents a model that has successfully assessed student learning outcomes at one institution and that can be adapted by other programs as they prepare for accreditation.
Introduction
The Gannon University BME program has instituted a common assessment rubric for each ABET, Inc. outcome a-k adding one additional program specific outcome. It is important to notice that ABET does not mandate a specific assessment methodology. What is presented in this article is what has been effective for the institution in the last accreditation cycle. The rubrics were employed to present student learning outcomes during the Fall 2014 evaluation visit. The same rubric is used by each professor to assess the corresponding outcome that is pertinent to his/her course. The rubrics have a different number of performance indicators (or dimensions) to allow for a comprehensive tool that describes multiple facets of the outcome to be assessed. The performance indicators of each rubric were built in view of the performance indicators of each engineering course in the program. Each outcome specific rubric was agreed upon the faculty and calibrated on a "senior level" of intellectual maturity since ABET's evaluation is based on attributes achieved by students upon graduation. The assignments were designed specifically to satisfy each dimension of the rubric and consisted in questions or problems presented to the students in midterms and final exams/projects. The four levels of the rubrics are: Unsatisfactory, Marginal, Satisfactory, and Outstanding.
The BME program is an integral part of the Mechanical Engineering (ME) Department which has been accredited since 1965. Hence, many courses are offered as part of the mechanical engineering curriculum. Thus, it was necessary to separate the assessment of the BME student learning outcomes from the assessment of the class. By using the program-specific rubrics, only the students enrolled in the BME program were evaluated within each class, even though the class contained a larger number of students. It is important to note that the ME program has employed several different methods of assessment throughout the years. During the last visit, rubrics were employed.
Formative versus Summative Assessment
The separation of Student Learning Outcomes (SLO) assessment in formative and summative poses the problem of intellectual maturity of the students. Intellectual maturity has been approximated using Perry's levels 2 (refer to Table 1 ), which helps analyze in different stages of development how knowledge is perceived by the student, as well as how problem solving and the teaching/authority figures are identified. The same set of rubrics was employed for both formative and summative evaluation, assuming that such rubrics would best apply to senior students with a level of maturity between "Relativism" and "Commitment" (see Table 1) . However, the level of intellectual maturity between freshmen/sophomores and juniors/seniors is different. While the latter ought to be within the level of intellectual maturity targeted by our rubrics, freshmen/sophomores are most likely to be in the "Dualism/ Multiplicity" level. Hence, it is expected that courses assessed in the formative evaluation might not meet the set criteria threshold. Nevertheless, the formative assessment is important to monitor the improvement trend of the students.
Assessment Tools for Student Learning Outcomes
Direct evidence is obtained from the rubrics and other tools which are utilized at specific intervals in order to assess the performance of the program with regard to student learning outcomes. The primary tools for assessment of performance on SLO are evaluated on a semester-by-semester basis, or a modified semester-by-semester basis. The results of these primary tools are used to establish an action plan for each course, (for example, small modifications to be presented in the next course iteration), and thus provide a path for continuous improvement. Secondary tools are implemented on different time scales, and provide corroborative information only. The program assessment rubrics are the primary tool used to provide a measure of satisfaction of student learning outcomes. 
Program Assessment Rubrics
The BME program has instituted a common assessment rubric for each ABET outcome. The same rubric is used by each professor to assess the corresponding outcome that is pertinent to his/her course.
The rubrics have a different number of performance indicators (or dimensions) to have a comprehensive tool that describes multiple facets of the outcome to be assessed. The performance indicators of each rubric were adapted 3-4 and re-built in view of the performance indicators of each engineering course in the program. The large amount of indicators at the courses level was dramatically reduced by synthesizing a set of outcome-specific common rubrics that all faculties now use. Rubrics are reviewed each semester as part of the evaluation process after assessment. As an illustrative example, the rubric for outcome h is presented in Table 2 . In adopted rubrics, each performance indicator is used to assess specific assignments or assignment groups in multiple courses. For example, a particular exam question in one course might be included to test whether students correctly understand the historic consequences of a specific engineering failure. This can be abstracted to infer the level of student achievement in understanding the impact of engineering effort on society (student outcome h). On the other hand, in a different course, the student might write an essay on the impact of motion capture in healthcare, which addresses a different aspect of outcome h (i.e. the tradeoffs of different technologies on the specific user). Thus, each professor monitors the performance of all students on these specific assignments, and determines the achievement of each performance indicators that are part of the rubric's outcome. A course including a specific SLO can either cover all performance indicators of a specific rubric or just a few. However, within the program, all the indicators are covered for a specific rubric so it is possible to determine the overall achievement of the SLO. The results of the analysis are used to provide instant feedback to make the course better on the next iteration.
One-third of all courses are evaluated each year so that two evaluation cycles may be completed for each course within the expected period of each accreditation cycle. For new programs applying for accreditation for the first time, the number of students assessed is typically small (e.g. 1 to 7 graduates) and does not allow a clear statistical analysis of the successful result. Thus, we performed an analysis on the assessment examining the SLOs in courses that introduced the topic (formative assessment) and courses in which the topic was reinforced (summative assessment).
Student Learning Outcomes Assessment
An example of the analysis is presented in this section. The assessment has been obtained with the subset of courses in Table 3 . The specific courses included in Table 3 are all required courses, and were selected for inclusion in order to provide a reasonable cross section of courses and to provide at least two summative assessments for each student learning outcome. The correlation of courses to student learning outcomes must be agreed upon by all faculty members, in consultation with one another. Table 3 should be interpreted as follows: the top set of courses is used for formative assessment, the bottom courses are used for summative assessment. The former courses are mostly freshmen and sophomore courses (with the exception of strength of material ME214), while the latter are program specific courses which occur in the junior and senior years. Shaded boxes indicate the outcomes covered by the course. The cells that contain the number "1" are the outcomes that have been actually assessed. For each course, the instructor is tasked with creating assignments that are appropriate for the performance indicator of the chosen student learning outcomes defined in the rubric such as the one reported in Table 2 . Hence, the course instructor applies the rubric that was agreed upon for each student outcome and assesses the results. Actions are then identified (by instructors) to be taken in each course, for the next time the course is taught. Improvement can then be made continuously. In order to collect the assessment data, instructors were provided with an Excel file with clear instructions. These instructions appear in Appendix A.
Notice that the summative assessment of several outcomes is performed in the senior design series (lecture and lab) and major specific courses such as biomedical system model analysis, biomechanics, and bioengineering laboratory. As an example, the rubric used to assess the first performance indicator (i.e. dimension) of outcome a (An ability to apply knowledge of mathematics, science and engineering), is presented in Table 4 . This dimension is named "A1". For each dimension the performance indicator can vary from 1 to 4. The nominal s used in the rubric as assessment were 1= unsatisfactory, 2= marginal, 3= satisfactory and 4= outstanding. Let us assume in our example that the performance indicator "A1" assessed in a specific class (e.g. Engineering Thermodynamics ME312) is about 2.5 as average among all BME students (see Table 5 ). The instructor assessed most of the students with either the definition "Chooses a mathematical model or scientific principle that applies to an engineering problem, but has trouble in model development," or with "Applies a mathematical model or scientific principle to an engineering problem." It can be observed that the words like "develop" and "apply" are within different levels of Bloom's Taxonomy 5 . Such words can define the level of students' proficiency in a specific topic as well as allow the instructor to systematically identify such level in the students' work. All the data from the assessment files received from the instructors performing the assessment must be averaged within each performance indicator, among all classes that measured it. An example of this analysis for all the performance indicators for outcome a is illustrated in Table 5 . The top row of Table 5 indicates the semester (F= Fall, S= Spring) and year the data was collected. Each column represents the assessment of the students in one course. Data are averaged among courses within the specific categories (i.e., either formative or summative). Figure 1 provides a visual representation of the assessment of student learning outcomes for each performance indicator. Each radius of the radar plot, defined as a letter and a number, represents the average among all BME students of the performance indicator used to assess a specific student outcome. A legend for all the performance indicators is reported in Indeed, when the concept is introduced, some students might find it difficult to grasp, and their level of intellectual maturity might be at an early stage. However, as time passes and concepts are reinforced, a general improvement ought to be observed. Instances that require analysis are when the performance indicator is not satisfied in the summative assessment, or there exist a performance decrease from the formative to the summative assessment.
COURSE (FORMATIVE) CODE A B C D E F G H I J K L
first year seminar ENG100 1 1 1 strength of material ME214 1 1 material science ME315 1 1 digital computer usage ME205 1 1 1 digital computer usage lab ME206 1 biology lab BIOL123 1 1 1 molecular biology BIOL122 1 engineering thermodynamics ME312 1 1 instrumentation lab ME332 1 1 assessment per outcome 3 2 1 2 2 1 1 1 1 1 2 2
COURSE (SUMMATIVE) CODE A B C D E F G H I J K L

Program Assessment Graphic Representation
The latter instance is important to analyze for cases when classes offered within the BME program are shared with other programs, whose students might have different background.
From Figure 1 we can notice that the threshold we impose is not fully satisfied for the following performance indicators: However, the performance level is between marginal and satisfactory, and never unsatisfactory. All the other 42 indicators are fully satisfied. It should be also noticed that if one performance indicator is not satisfied, the whole outcome on average might be satisfied. Indeed, we can observe that only outcome c is not satisfied most of the time in this assessment cycle. A4  B1  B2   B3   B4   B5   C1   C2   C3   C4   D1   D2   D3   E1   E2   E3   F1  F2  F3  G1  G2  G3  G4  G5  G6   H1   H2   I1   I2   I3   J1   J2   J3   J4   J5   K1   K2   K3   K4   L1   L2   L3  L4  L5 threshold Reinforce introduce
